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Editorial 


Environmental and Occupational 
Health: A “Critical Science” 


The latest issue of The New Yorker, one of my favorite 
magazines, contains an article on aids to navigation while 
driving an automobile.' In that article, Nick Paumgarten tells 
the reader that before there were reliable maps, mechanical 
devices and books of sequential photographs were developed 
to assist the driver in knowing where to turn in an era when 
there were no highways and few road signs. Over time, maps 
replaced these devices, and people got used to knowing more 
about the land around their routes, deciding for themselves 
which roads to take, and having a means to return to their 
preferred routes if they made mistakes. Now, Paumgarten im- 
presses on the reader, people are entering the era of the glob- 
al positioning system (GPS) and services such as MapQuest, 
which again provide single-purpose route information, the 
bare minimum required to get where one is going. The author 
worries about the imminent demise of the paper road map be- 
cause most of the information on any map is useless on any 
particular trip, and, therefore, maps are inefficient. 

Many years ago, I used the map analogy in a discussion 
of basic and applied research.” No sensible person would 
buy a map with just one road printed on it. Assuming that it 
led to the intended destination in the first place, it may not 
be the best way to go, it may bypass many places of interest, 
and there would be no way to correct oneself should one be- 
come lost. Applied research is like a map with one road on 
it—the destination and the point of origin are known, but the 
fundamental problem is how to get from here to there. Basic 
science is, by definition, investigation into areas with no im- 
mediately foreseeable application to become familiar with 
the landscape. It is ideally very much like a detailed map 
with all roads and features showing; however, if they were 
maps, fields of basic science would have huge blank spots. 

The philosopher of science Jerry Ravetz, who has since 
gone on to other interests, invented a particularly useful con- 
cept in the 1960s.* He described modes of science, meaning 
the ways in which we practice and apply the scientific method. 

Basic science, which is the exploration of knowledge un- 
constrained by intended use and led by what is found and 
the search for coherence, was one mode. Basic science is 
the mode of science that underlies all others. It fills in the 
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uncharted white spaces of our metaphorical map. It is the 
mode on which we fall back when confronted with the un- 
expected and from which come so many fortuitous obser- 
vations, unanticipated applications, and understandings of 
mechanisms. In short, it is basic science that pieces togeth- 
er a world picture. Basic science obviously does not have a 
ready answer for every question as it arises, but, clearly, 
such answers are much closer when investigators extend 
their research into areas that appeared improbable of appli- 
cation before the question arose. Ecology, which is a basic 
science of environmental health, was like this in the early part 
of the 20th century, when natural history was still in vogue 
and before conservation science applied the knowledge. 

Applied science, which is a goal-directed exploration of 
knowledge in new applications, was a second mode. Applied 
science provides the knowledge that technology applies to a 
product or particular use. 

Ravetz discerned a third mode, which he called critical 
science. He described it as a new approach in which scien- 
tists critically evaluate and analyze the impact of technolog- 
ical developments within the context of the real world (not 
the engineer’s world of simplifying assumptions), drawing 
primarily on basic science and collaborative critical research 
to predict, document, and correct physical and human prob- 
lems of technological origin. Critical science provides a 
means of evaluating applied science and technology, assess- 
ing its impact, and identifying problems that need to be cor- 
rected if humankind is to reap the full benefit of technology. 
Without it, Ravetz said, humans are doomed to constant rep- 
etition of the past excesses of technology: air pollution, 
emerging infections as a result of microbial resistance, eco- 
logical degradation, toxic exposures, and other ills of civi- 
lization. Ravetz’s point was not that critical science should 
argue for a halt to technological advances or that technology 
was inherently antihuman. Rather, it was that critical science 
provided the means to correct the unwanted consequences of 
technology and, therefore, to civilize it. 

The single essential tool of critical science is knowledge, in 
the sense of both data and unifying concepts. To this end, crit- 
ical science requires the highest quality of original research and 
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thoroughgoing comprehension of many scientific disciplines. 
Most of all, it involves a questioning and critical attitude that 
shapes the way people think. Bertrand Russell, in 1924, char- 
acterized well the impact of a scientific discipline: “A science 
may affect human life in two different ways. ... Without al- 
tering men’s passions or their general outlook, it may in- 
crease their power of gratifying their desires. On the other 
hand, it may operate through an effect upon the imaginative 
conception of the world, the theology or philosophy which is 
accepted in practice by energetic men.”°”) Gender aside, this 
is a wonderfully concise description of how science influences 
our thought processes as well as about what we choose to 
think. 

It should be obvious by now that the environmental health 
sciences fit quite well into Ravetz’s description of a critical 
science. Environmental science work involves the assess- 
ment of human interventions into the natural world, the in- 
troduction of chemical and other hazards, the effects on hu- 
mans of artificial structures of civil society and human 
communities, the means by which their risk may be defined 
and mitigated, and the values by which we make choices in 
our lives and as a society with respect to environmental 
management. 

Environmental health sciences, as a critical science, may 
provide important evidence for use by the decision-making 
institutions of society. The ultimate goal, it should be clear, 
is to improve the quality of human life, to reduce the adverse 
impact of human activity on the environment, and to remove 
barriers to the achievement of a sustainable, healthful, and 
just society. (I will discuss environmental justice in a later 
editorial.) It is not to stop economic development in its 
tracks, to provide a political club for one partisan group to 
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beat another, to keep unwanted projects out of everyone’s 
backyard, nor to lay the groundwork for lawsuits. But if 
things progress to that extreme, and critical science provides 
the evidence, it is not the fault of the scientists who push the 
boundaries of knowledge to document the effects of tech- 
nology and change; it is a failure of the social mechanisms. 
Humans have to deal with uncertainty and to protect against 
the consequences of technology-driven change, leading to 
division, partisanship, and conflict. 

Critical science, in general, and the environmental health 
sciences, in particular, provide valuable corrective and sta- 
bilizing influences if people listen to the messages. If peo- 
ple shoot the messenger, as appears to be happening today 
particularly in climate-change science,° they destroy the 
valuable reflected image, the all-important feedback, that 
gives humans their best chance to build a better world. 


Tee L. Guidotti, MD, MPH 
Editor in Chief 
Archives of Environmental & Occupational Health 
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